The role of sentinel lymph node biopsy in microinvasive breast carcinoma is unclear. We examined the incidence of lymph node metastasis in patients with microinvasive carcinoma who underwent surgery at our institution. Retrospective review of our pathology database was performed (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). Of 7000 patients surgically treated for invasive breast carcinoma, 99 (1%) were classified as microinvasive carcinoma. Axillary staging was performed in 81 patients (64, sentinel lymph node biopsy; 17, axillary lymph node excision). Seven cases (9%) showed isolated tumor/epithelial cells in sentinel nodes. Three of these seven cases showed reactive changes in lymph nodes, papillary lesions in the breast with or without displaced epithelial cells within biopsy site tract, or immunohistochemical (estrogen receptor, progesterone receptor, and HER2) discordance between the primary tumor in the breast and epithelial cells in the lymph node, consistent with iatrogenically transported epithelial cells rather than true metastasis. The remaining four cases included two cases, each with a single cytokeratin-positive cell in the subcapsular sinus detected by immunohistochemistry only, and two cases with isolated tumor cells singly and in small clusters (o20 cells per cross-section) by hematoxylin and eosin and immunohistochemistry. The exact nature of cytokeratin-positive cells in the former two cases could not be determined and might still have represented iatrogenically displaced cells. In the final analysis, only two cases (3%) had isolated tumor cells. Three of these four cases had additional axillary lymph nodes excised, which were all negative for tumor cells. At a median follow-up of 37 months (range 6-199 months), none of these patients had axillary recurrences. Our results show very low incidence of sentinel lymph node involvement (3%), only as isolated tumor cells, in microinvasive carcinoma patients. None of our cases showed micrometastases or macrometastasis. We recommend reassessment of the routine practice of sentinel lymph node biopsy in patients with microinvasive carcinoma.
Microinvasive carcinoma is a rare subset of breast carcinoma comprising 0.7-2.4% of all patients with breast cancer 1 and is defined as one or more areas of focal invasion, none larger than 1 mm in size. 2 Microinvasive carcinoma is almost always observed in the background of duct carcinoma in situ, but rarely can be present in isolation. Owing to its low incidence, the prognosis of microinvasive carcinoma is not well established, but is believed to be intermediate between duct carcinoma in situ and invasive breast carcinomas. 3, 4 The reported incidence of axillary lymph node metastasis in microinvasive carcinoma ranges between 0 and 25%. 4, 5 Given the high incidence of axillary lymph node metastasis in some reports, sentinel lymph node biopsy is routinely performed in patients with microinvasive carcinoma. In addition, many patients undergo second surgical procedure for sentinel lymph node biopsy when a diagnosis of microinvasive carcinoma is rendered on definitive surgery as an upgrade to duct carcinoma in situ diagnosed on core biopsy.
The aim of the present study was to determine the incidence of axillary lymph node metastasis in patients diagnosed with microinvasive carcinoma and to ascertain whether routine use of sentinel lymph node biopsy for axillary staging is justified in patients with microinvasive carcinoma.
Hospital was searched between the years 1994 and 2012 using the keywords 'microinvasive carcinoma' and 'breast.' Only cases that underwent surgery at our institution were included in this study. Microinvasive carcinoma was defined using the current AJCC 7th edition definition of one or more foci of invasion, none being larger than 1 mm.
Each patient's clinical and pathologic data, including age, gender, number of invasive foci, differentiation, associated duct carcinoma in situ, comedo necrosis, biomarker status, sentinel/axillary lymph node status, and follow-up, were recorded.
At our institution, each sentinel lymph node was sectioned at 2-mm intervals along the long axis and is entirely submitted for permanent histologic sections. Five additional levels and two immunohistochemical stains for cytokeratins (AE1/AE3 and CAM5.2) are evaluated on each sentinel lymph node to detect low volume metastases. Intraoperative evaluation of sentinel lymph nodes is performed only by cytology touch preparations. Lymph nodes are not submitted for frozen sections to avoid loss of lymph node material during frozen tissue processing.
Lymph node metastases are classified by the current AJCC criteria as macrometastases (metastases 42 mm in size), micrometastases (metastases 0.2-2 mm or 4200 cells per cross-section), or isolated tumor cells (metastases o0.2 mm or o200 cells per cross-section).
Hematoxylin and eosin (H&E) slides were reexamined and evaluated in cases with lymph nodes positive for tumor/epithelial cells. Appropriate immunohistochemical stains including estrogen receptor (ER), progesterone receptor (PR), and HER2 was performed on the nodes positive for tumor/epithelial cells whenever possible. The histomorphologic and immunohistochemical features of the primary breast carcinoma and the isolated tumor/epithelial cells in the lymph nodes were compared. Reactive changes such as hemosiderin laden macrophages, damaged erythrocytes, foreign body giant cells, if present in the lymph nodes, were recorded. Special attention was taken to identify any associated papillary lesions and/ or displaced epithelial fragments within the biopsy tract of the lumpectomy or mastectomy specimens.
Results
Of the 7000 patients operated for invasive breast carcinoma between 1994 and 2012 at our institution, 99 (1%) were classified as microinvasive carcinoma. A summary of clinical and pathologic features is provided in Table 1 .
The median age of patients was 56 years (range, 31-83 years). The diagnosis of microinvasive carcinoma was rendered on diagnostic core biopsy in 37 patients, lumpectomy in 43 patients, and mastectomy in 19 patients. The clinical presentation was unknown in four (4%) patients. Clinically, the majority of patients presented with calcifications Hormone receptor status was available for 64 patients. Forty-one (64%) patients were positive for ER and 36 (56%) for PR. HER2 status was known in 51 patients, including 21 (41%) positive, 27 (53%) negative, and 3 (6%) equivocal cases.
Of the 81 patients, who underwent axillary staging, 7 (9%) showed isolated tumor/epithelial cells in sentinel lymph node. The clinical and pathologic features of these seven patients are summarized in Table 2 . These patients (mean age 49 years) presented with palpable breast mass (1), mass (1), mass with calcifications (1), or calcifications (4). The microinvasive component showed well (1), moderate (4), and poor (2) differentiation. Two of the seven patients (29%) had multifocal microinvasion. All seven cases showed either intermediate (4) or high-grade (3) duct carcinoma in situ, of which three had comedo necrosis.
Three of these seven cases (4%) also showed reactive changes in lymph node, such as multinucleated giant cells and hemosiderin-laden macrophages adjacent to the isolated tumor/epithelial cells ( Figure 1f ). Review of sections from the breast demonstrated the presence of intraductal papillomas (intraductal papilloma was benign in one case and involved by duct carcinoma in situ in two cases) with or without displaced epithelial cells within granulation tissue of biopsy site (Figures 1a-c) . Furthermore, the immunohistochemical profile of the primary and tumor/epithelial cells in lymph nodes was different from that of the primary breast microinvasive carcinoma in these three cases (Figures 1d and e) . In view of the above histologic features and discordant immunohistochemistry staining patterns, these three cases were classified as being consistent with iatrogenically displaced epithelial cells rather than true metastasis. It is noteworthy that these three patients underwent a sentinel lymph node biopsy procedure as an additional surgery after their primary surgical excision.
Two of the seven cases (3%) showed a single cytokeratin-positive cell in the subcapsular sinus detected by immunohistochemistry only (Figures 2a-c). Sections from the breasts did not reveal any papillary lesion or displaced epithelial fragments within the biopsy tract. Immunohistochemistry for ER, PR, and HER2 was not technically feasible in these cases. Therefore, the exact nature of single cytokeratin-positive cells in these two cases could not be determined and they could still represent iatrogenically displaced cells.
The remaining two cases (3%) showed isolated tumor cells singly and in small clusters (o20 cells per cross-section), detected by H&E stain and immunohistochemistry (Figures 3d and h) . One of the cases demonstrated a focus of reactive changes in the lymph node separate from the tumor cell clusters (Figure 3i ). The ER, PR, and HER2 staining pattern of the lymph nodal cells was similar to that of the respective primary microinvasive carcinoma (Figures  3e-g ). In one of these two cases, microinvasive carcinoma was diagnosed on core biopsy and the patient underwent mastectomy with sentinel lymph node biopsy owing to widespread extent of duct carcinoma in situ. Initial histologic sections from the breast in this case confirmed widespread duct carcinoma in situ, involving intraductal papillomas. In addition, a few displaced epithelial fragments within the biopsy tract and tumor emboli within two lymphatic spaces were also noted (Figures 3a-c) . In view of the presence of lymphatic tumor emboli, additional extensive sampling to rule out the possibility of an occult invasive carcinoma was done; however, no additional focus of invasion was identified. The other case did not reveal any papillary lesion or displaced epithelial fragments. Hence, these were the only two definitive cases (3%) with minimal tumor volume (isolated tumor cells) in the axilla.
Four of these seven cases had additional axillary lymph nodes excised (range, 1-5), all of which were negative for tumor cells. None of these seven patients received adjuvant chemotherapy.
Follow-up data were available in 68 (69%) patients with a median follow-up of 37 months (range, 6-199 months). Of these patients, the seven with isolated tumor/epithelial cells had follow-up data available for six patients (median, 28 months; range, 14-126 months). None of the 68 patients developed axillary recurrences. However, three patients developed ipsilateral local recurrences in the breast (duct carcinoma in situ, 2; and invasive breast cancer, 1). All three recurrences occurred in patients with negative sentinel lymph nodes. These three cases had negative surgical resection margins.
Discussion
The clinical management of the axilla in microinvasive carcinoma patients is controversial. There are only a limited number of publications in the literature addressing this issue (Table 3) . Results of these studies have varied widely with reported incidence of axillary lymph node involvement as low as 0% to as high as 25%. Authors reporting a high incidence of positive sentinel lymph nodes argue in favor of sentinel lymph node biopsy in all patients with microinvasive carcinoma, 9, 19, 28, 30, 31 whereas authors reporting the low incidence of positive sentinel lymph nodes have questioned whether sentinel lymph node biopsy should be performed in all such patients. 32, [34] [35] [36] [37] [38] The wide variation in reported incidence can be explained in part by the diversity in the histopathologic definition of microinvasive carcinoma used in various reports. In 1982, Lagios et al, 40 while describing series of cases of duct carcinoma in situ, coined the term 'microinvasion' for cases showing invasion o1 mm. In 1986, Schuh et al 5 defined microinvasive carcinoma as 'duct carcinoma in situ with the presence of early stromal invasion.' In 1990, Wong et al 7 defined microinvasive carcinoma as 'intraductal carcinoma with only a microscopic focus of malignant cells invading beyond the basement membrane of the duct.' In 1991, Rosner et al 8 defined microinvasive carcinoma as 'duct carcinoma in situ with limited microscopic stromal invasion below the basement membrane in one or several ducts but not invading more than 10% of the surface of the histologic sections examined.' Silverstein et al 10 defined microinvasion as '1 or 2 min microscopic foci of possible invasion no more than 1 mm in maximum diameter.' Later, the 5th edition of the AJCC staging manual defined microinvasive carcinoma as extension of carcinoma cells beyond basement membrane with no single focus 41 mm, whereas Silver and Tavassoli 11 defined it as a single focus of invasive carcinoma p2 mm or up to three foci of invasion, each p1 mm in greatest dimension. The current definition of microinvasive carcinoma per the 7th edition of the AJCC manual remains unchanged from its prior definition. 2 A second reason for the wide range is the lack of a universal protocol for processing sentinel lymph nodes. The grossing methods of sentinel lymph nodes, the number of additional levels evaluated (if any), and the use of immunohistochemistry for cytokeratins varies from institution to institution, certainly influencing the rate of detection of metastases. A third possible reason for a high incidence is that iatrogenic transport of tumor/epithelial cells to lymph nodes may be misinterpreted as true metastasis. 41 Our study cohort shows a very low incidence (2.5%) of positive sentinel lymph nodes and only in the form of minimal tumor volume (isolated tumor cells). None of our cases showed micro-or macrometastases, or involvement of additional non-sentinel axillary lymph nodes. Some of the larger studies in recent years have also concluded that involvement of sentinel lymph nodes in microinvasive carcinoma is primarily in the form of isolated tumor cells and micrometastases, and additional non-sentinel axillary lymph nodes are positive only when the sentinel lymph node harbors a macrometastases. 4, [35] [36] [37] [38] The study by Ko et al, 37 the largest so far, reported axillary lymph node involvement in 22 of 293 cases (7.5%), with 18 of the 22 cases (81.8%) harboring only isolated tumor cells or micrometastases. Lyons et al, 4 in their study of 112 microinvasive carcinoma cases, identified 14 cases (12%) with positive sentinel lymph nodes, including 6 (42.8%) with isolated tumor cells, 5 (35.7%) with micrometastases, and 3 (21.4%) with macrometastases. Two of the three patients with macrometastases had additional positive axillary nodes upon completion axillary lymph node dissection, whereas none of the isolated tumor cells or micrometastasis cases that underwent completion axillary lymph node dissection had additional positive nodes. Kapoor et al 38 also reported a low incidence of macrometastases of 1 out of 45 cases (2.2%).
The clinical and prognostic significance of minimal tumor burden in the axilla of breast cancer patients is uncertain. As the majority of microinvasive carcinoma patients (more than 90%) harbor only isolated tumor cells and micrometastases, one might reasonably conclude that sentinel lymph node biopsy and its rigorous pathologic evaluation is an unnecessary exercise in a case of microinvasive carcinoma. Further, these patients may be unreasonably subjected to rare, but potential complications of sentinel lymph node biopsy, such as infection, pain, limited arm mobility, or lymphedema. Results of two recent prospective trials ACOSOG Z0010 and NSABP Protocol B-32 indicate that positive nodes detected by immunohistochemistry only, as well as micrometastases, do not affect 5-year overall survival in early invasive breast cancer. 42, 43 In both trials, 5-year overall survival for patients with immunohistochemistry detected isolated tumor cells or micrometastases approached 95% and was not significantly different from the patients without any sentinel lymph node disease. Another study by Murphy et al 44 on 322 patients of duct carcinoma in situ/microinvasive carcinoma showed a very low incidence of sentinel lymph node involvement (3.7%) in microinvasive carcinoma patients and did not find a higher risk of local or distant recurrence in patients with axillary disease, questioning the need for surgical exploration of the axilla. Similarly, Parikh et al 36 in their comparative Figure 3 Patient 4 with minimal tumor volume in sentinel lymph node (isolated tumor cell; o0.2 mm and o200 cells). Section from mastectomy shows high-grade duct carcinoma in situ involving an intraductal papilloma (a); displaced tumor cell clusters within a biopsy site tract (b) and lymphatics (c); sentinel lymph node with subcapsular cytokeratin-positive (CK þ ) (CAM5.2) cluster of tumor cells (d) positive for estrogen receptor (ER) (e) and progesterone receptor (PR) (f), and negative for HER2 protein (g); cluster of cells was verified by hematoxylin and eosin (H&E) (h); another focus of reactive changes in the same lymph node (i). Note:This patient was diagnosed with microinvasive carcinoma on core biopsy (positive for ER and PR, but negative for HER2 protein). Hence, ER, PR and HER2 staining pattern of epithelial cells in the sentinel lymph node is similar to that of primary in breast. study of duct carcinoma in situ and microinvasive carcinoma (321 duct carcinoma in situ patients versus 72 microinvasive carcinoma patients) found a very low incidence of nodal metastases (1 of 72, 2.1%) in microinvasive carcinoma patients, and the axillary nodal metastases was not an independent predictor of local relapse-free survival, distant relapse-free survival, or overall survival. Our follow-up data (range, 6-199 months) is consistent with the above studies. No axillary recurrence was noted and the three cases with ipsilateral local in-breast recurrence did not have positive lymph nodes.
Some authors may argue that sentinel lymph node biopsy should nevertheless be offered in all microinvasive carcinoma patients to identify patients with sentinel lymph node macrometastases, that is, those who may benefit from additional axillary surgery or adjuvant treatment. This argument is valid to some extent because in current practice, treatment decisions regarding adjuvant chemotherapy in microinvasive carcinoma patient relies primarily on the axillary lymph node status. In the study by Kapoor et al, 38 seven of nine patients with lymph node metastases (77.8%) received adjuvant chemotherapy, whereas no patients without lymph node metastasis received chemotherapy. Similarly, in the study by Lyons et al 4 37 and ER status, 37, 38 with positive sentinel lymph nodes; however, the results have been conflicting. Our study did not show any case of sentinel lymph node micro-and macrometastases, and therefore analysis on correlating factors was not carried out. None of our patients received adjuvant therapy based on the sentinel lymph node results. Our study highlights that isolated tumor cells in lymph nodes should be interpreted with caution as they may represent iatrogenically displaced tumor/ epithelial cells, particularly in the setting of a papillary lesion in the breast. At our institution, we routinely perform detailed histologic and immunohistochemical work-up of all duct carcinoma in situ and microinvasive carcinoma cases showing isolated tumor/epithelial cells in lymph nodes. Lymph nodes are rigorously screened for the presence of reactive changes. Although reactive changes in the lymph node are suggestive of iatrogenic displacement, they are not exclusively diagnostic and require additional work-up. ER, PR, and HER2 staining is carried out on lymph nodes and the staining pattern of the epithelial cells is compared with that of the primary breast carcinoma. Sections from the breast are evaluated for the presence of any associated papillary lesions that are known to be friable and more prone to iatrogenic displacement during needle biopsies or breast massage before sentinel lymph node biopsy procedure. 41 Particular attention is placed on identifying displaced epithelial fragments entrapped within the biopsy site tracts. Using this strategy, we are usually able to distinguish the true metastases from falsepositive sentinel lymph nodes. Three of the seven cases (43%) were unquestionably proven to have iatrogenically displaced tumor/epithelial cells.
To conclude, our study is one of the larger studies of microinvasive carcinoma patients. Our results demonstrate a very low incidence of sentinel lymph node metastases in microinvasive carcinoma patients, exclusively limited to isolated tumor cells. This study highlights that many of the so-called 'positive' sentinel lymph nodes are falsely positive secondary to iatrogenic transport of displaced epithelial cells. Careful pathologic evaluation of sentinel lymph nodes and the surgical breast specimen is required to avoid false positives and subsequent unwarranted axillary surgery or adjuvant treatment. In the context of our results and data generated by ACOSOG Z0010 and NSABP Protocol B32, we recommend reassessment of the routine surgical practice of sentinel lymph node biopsy in patients with microinvasive carcinoma. Alternative procedures to sentinel lymph node biopsy such as preoperative ultrasound and ultrasound-guided fine-needle aspiration of axilla should be explored.
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